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© Fault detection apparatus for parenteral infusion system. 

© Apparatus and related method for use in a par- 
enteral administration system, for detecting fault 
conditions such as an infiltration, an open fluid line 
or an air bubble in the fluid line. The apparatus is 
particularly adapted for use with a parenteral admin- 
istration system of the type that includes a pulsing 
infusion device for incrementally infusing fluid 
through a fluid tube to a patient's venous or arterial 
system. The apparatus qualitatively evaluates the 
pressure in the fluid tube to detect characteristic 
patterns indicative of each such fault condition and 
actuates an alarm whenever one is detected. 
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FAULT DETECTION APPARATUS FOR PARENTERAL INFUSION SYSTEM 



BACKGROUND OF THE INVENTION 



This invention relates generally to systems for 
administering parenteral fluids to a patient, and, 
more particularly, to systems of this type having an 
infusion apparatus for infusing the fluid into the 
patient's vascular system. 

Systems of this particular type have enjoyed 
widespread usage in hospitals for administering 
parenteral fiuids at precise rates. The systems are 
useful for both venous and arterial infusions and 
typically include an infusion pump and an asso- 
ciated controlling device for pumping the parenteral 
fluid through a fluid tube and needle to the pa- 
tient's vein or artery. 

One drawback to conventional infusion pump 
systems of this type is that the needle can some- 
times become dislodged from the patient's vein or 
artery. This will normally cause an increase in back 
pressure, but the pump will nevertheless continue 
to pump fluid at substantially the same fixed rate. 
The fluid therefore can infiltrate into the patient's 
body tissue and cause severe damage. Similarly, 
the needle can sometimes become dislodged from 
the patient entirely, yet the pump will continue to 
pump the fluid at the same fixed rate. 

One known prior technique for detecting fluid 
infiltrations is to monitor the patient's skin tempera- 
ture in the vicinity of the needle. Since the paren- 
teral fluid is ordinarily cooler than the patient's 
body temperature, and since the fluid is not carried 
away as rapidly when an infiltration occurs, an 
infiltration will ordinarily create a temperature drop 
in the vicinity of the needle. Thus, whenever a drop 
in skin temperature is detected, it is deduced that 
an infiltration is occurring. This technique is not 
believed to have proven completely satisfactorily in 
all circumstances, such as, for example, when the 
parenteral fluid has a temperature substantially the 
same as that of the patient's blood. 

Other known prior techniques for detecting an 
infiltration of a parenteral fluid into a patient's body 
tissue involve intervention by hospital personnel. In 
one, such technique, an attendant visually inspects 
the region around the needle, to detect any swell- 
ing that might indicate an infiltration. In another 
technique, useful only when the fluid is being ad- 
ministered from a bottle under the force of gravity, 
the attendant periodically lowers the bottle to an 
elevation below the needle such that fluid flows 
outwardly from the patient. If when this is done the 
patient's blood does not appear in the fluid tube, it 
can be deduced that the needle is not in fluid 
communication with a vein or artery. Neither of 



these techniques has proven to be entirely satisfac- 
tory, one reason being that they both require the 
presence of trained hospital personnel and cannot 
be performed automatically. 

5 Still another prior technique for detecting in- 

filtrations and other fault conditions is used in a 
parenteral administration system that regulates flow 
rate using a pinch valve located in the fluid tube, 
between a drop chamber and the patient. In par- 

70 ticular, the pinch valve is controllably adjusted in 
order to maintain the frequency of fluid drops into 
the drop chamber at a selected value. If the limits 
of the pinch valve are exceeded in attempting to 
maintain the selected drop frequency, it is deduced 

75 that a fault condition is present. Operator interven- 
tion is still required, however, in order to determine 
the particular type of fault condition, e.g., an infiltra- 
tion, that is present 

A complete dislodging of the needle from the 

20 patient, such that the fluid is directed onto his skin, 
bedding, etc., is ordinarily detected only through a 
visual inspection by a hospital attendant. Such ac- 
tive participation by hospital personnel is not be- 
lieved to be an entirely satisfactory solution to this 

25 problem. 

It should be appreciated from the foregoing 
that there still is a need for an effective method 
and apparatus for automatically detecting faults 
such as infiltrations or an open line in a parenteral 

30 administration system of the type having an infu- 
sion device. The present invention fulfills this need. 



SUMMARY OF THE INVENTION 

35 

The present invention is embodied in a fault 
detection apparatus, amd related method, for use 
with a parenteral administration system of the type 

40 having an infusion device for infusing a parenteral 
fluid through a fluid tube and needle to a patient's 
vascular system. The apparatus includes pressure 
transducer means for monitoring the pressure of 
the fluid in the fluid tube and producing a cor- 

45 responding pressure signal. In accordance with the 
invention, the apparatus further includes automatic 
fault detection means for qualitatively evaluating 
the pressure signal to determine when the fluid 
tube is not in proper fluid communication with the 

so patient's vascular system, and for producing a cor- 
responding alarm signal. This frees hospital per- 
sonnel to perform other tasks without the need for 
repeatedly monitoring the status of the parenteral 
administration system. 

One embodiment of the fault detection means 
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is adapted for use with a parenteral administration 
system that includes a pulsing-type infusion device 
for administering the parenteral fluid to a patient's 
venous system. The fault detection means pro- 
duces the aiarm signal whenever it detects an 
infiltration of the fluid into body tissue separate 
from the venous system, in this embodiment, the 
fault detection means analyzes the pressure signal 
following each infusion pulse to detect impedance 
changes distal to the needle. Specifically, the fault 
detection means detects an infiltration by determin- 
ing if the pressure signal ever fails to return to its 
steady state level within a predetermined time du- 
ration following each infusion pulse. In particular, 
the fault detection means high-pass filters the pres- 
sure signal and compares the filtered pressure 
signal with a prescribed threshold. The alarm signal 
is produced whenever the filtered pressure signal 
exceeds the threshold for longer than a prescribed 
time period following each infusion pulse. 

Another embodiment of the fault detection 
means detects infiltrations whenever the infusion 
device is infusing fluid at a relatively high rate, e.g., 
40 ml per hour. In this embodiment, the fault detec- 
tion means includes pressure change means for 
determining if the pressure signal ever increases 
by more than a particular amount during a pre- 
determined time duration. This pressure change 
means preferably includes means for sampling the 
pressure signal at spaced intervals of time, along 
with means for comparing the current pressure 
signal sample with with previous pressure signal 
sample, to determine if the pressure signal has 
increased by more than the prescribed amount 
during the interval between samples. The pressure 
change means is preferably enabled only after 
pressure derivative means has determined that the 
instantaneous rate of change of the pressure signal 
exceeds a prescribed level. 

Two other embodiments of the fault detection 
means of the invention are adapted for use when 
the parenteral administration system administers 
the parenteral fluid to a patient's arterial system. In 
one such embodiment, the fault detection means 
low-pass filters the pressure signal to remove the 
effects of the patient's heartbeats and compares 
the filtered pressure signal with a predetermined 
threshold. An aiarm signal is produced whenever 
the signal drops below the threshold. !n another 
such embodiment, the fault detection means high- 
pass filters the pressure signal to pass only the 
signal components attributable to the patient's 
heartbeats. An aiarm signal is produced whenever 
a dropout in the heartbeat pulses is detected. 

Yet another embodiment of the fault detection 
means detects an open line or air bubble in the 
fluid tube connection between the pulsing-type in- 
fusion device and the patient. When such a con- 



dition occurs, the configuration is underdamped 
and the pressure signal has a ringing characteristic 
following each infusion pulse. The fault detection 
means detects this ringing by analyzing the pres- 

5 sure signal following each infusion pulse, to mea- 
sure impedance changes distal to the needle. Spe- 
cifically, the fault detection means determines, after 
each infusion pulse, if the ac pressure signal (i.e., 
high-pass filtered pressure signal) drops below a 

70 prescribed negative pressure threshold. This 
threshold is preferably a prescribed negative frac- 
tion of the peak positive ac pressure signal occur- 
ring immediately after each infusion pulse. 

In the preferred embodiment of the apparatus, 

rs the fault detection means includes several of the 
embodiments described above, for detecting ve- 
nous and arterial infiltrations and open lines. Appro- 
priate switching circuitry enables operation of either 
the venous or the arterial infiltration circuit, depend- 

20 ing on the use to which the system is being made. 
The alarm is actuated when any of the various 
circuits detects a fault. 

Other aspects and advantages of the present 
invention should become apparent from the follow- 

25 ing description of the preferred embodiments, tak- 
en in conjunction with the accompanying drawings, 
which illustrate, by way of example, the principles 
of the invention. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a block diagram of a parenteral 
35 administration system having circuitry for detecting 
venous infiltrations, arterial infiltrations and open 
fluid lines; 

FIG. 2 is a simplified schematic diagram of a 
low infusion rate venous infiltration detector in- 
40 eluded in the system of FIG. 1; 

FIG. 3(a)-(f) illustrate a series of waveforms 
that can be present in the venous infiltration detec- 
tor of FIG. 2; 

FIG. 4 is a simplified schematic diagram of a 
45 high infusion rate venous infiltration detector in- 
cluded in the system of FIG. 1 ; 

FIG. 5 is a simplified schematic diagram of 
one embodiment of an arterial infiltration detector 
suitable for use in the system of FIG. 1; 
so FIG. 6 is a simplified schematic diagram of 

an alternative arterial infiltration detector suitable 
for use in the system of FIG. 1; 

FIG. 7 is a simplified schematic diagram of 
an open line detector included in the system of 
55 FIG. 1 ; and 

FIG. 8(a)-(c) illustrate several waveforms that 
can be present in the open line detector of FIG. 7. 
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DESCRIPTION OF THE PREFERRED EMBODi- 
MENT 



Referring now to the drawings, and particularly 
to FIG. 1, there is shown fauit detection circuitry 10 
for use in a system for administering a parenteral 
fluid to the vascular system of a patient 11. The 
system includes a conventional infusion pump 13 
and associated pump controlling device 15 for 
pumping the parenteral fluid through a fluid tube 17 
and needle 19 to the patient. The pump is prefer- 
ably of the peristaltic type, which pumps the fluid 
in a cyclic fashion. One such suitable pump and an 
associated controller for controlling its speed are 
described in a copending and commonly-assigned 
application for U.S. Patent, Serial No. 06/281,848, 
filed July 9, 1981, in the names of Stephen H. 
O'Leary et al. and entitled "Method and Apparatus 
for Fluid Flow Control." 

The pump controlling device 15 outputs a mo- 
tor step signal for coupling on line 21 to the infu- 
sion pump 13. The signal is a sequence of pulses, 
each of which increments the pump by one step, to 
infuse a predetermined volume of parenteral fluid 
to the patient 1 1 . 

The parenteral administration system further 
includes a pressure transducer 23 and an asso- 
ciated amplifier 25 for monitoring the fluid pressure 
in the fluid tube 17 and producing a .corresponding 
pressure signal for output on line 27. 

In accordance with the invention, the fault de- 
tection circuitry 1 0 evaluates the pressure signal on 
line 27 to detect certain characteristic patterns indi- 
cative of an improper fluid communication between 
the fluid tube 17 and the patient's vascular system. 
An alarm 29 is actuated if the circuitry detects such 
a condition. Such fauit conditions include infiltra- 
tions of the fluid into body tissue other than the 
patient's vascular system, as well as a complete 
dislodging of the needle 19 from the patient 11 or a 
leak or air bubble in the fluid tube. In this way, a 
proper administration of the parenteral fluid can be 
ensured without the need for frequent monitoring or 
testing by hospital personnel. 

More particularly, the fault detection circuitry 
10 includes a low infusion rate venous infiltration 
detector 31 for detecting infiltrations when the infu- 
sion pump 13 is pumping parenteral fluid into the 
patient's venous system at a relatively iow rate, 
and a high infusion rate venous infiltration detector 
33 for detecting infiltrations when the pump is 
pumping fluid into the venous system at a relatively 
high rate. The fault detection circuitry further in- 
cludes an arterial infiltration detector 35 for detect- 
ing infiltrations when the pump is pumping fluid 
into the patient's arterial system, and an open line 
detector 37 for detecting when there is a leak of 



some kind or an air bubble in the fluid connection 
between the pump and the patient 1 1 . 

The system further includes a mode switch 39 
for indicating whether the system is intended to 

5 administer parenteral fluid to the patient's venous 
system or arterial system. The system also in- 
cludes an infusion rate detector circuit 41 , operable 
whenever the switch indicates that the system is 
pumping fluid into the patient's venous system to 

10 indicate whether the fluid is being pumped at a 
relatively high rate or a relatively low rate. The 
switch 39 and detector circuit 41 are used to en- 
able operation of the appropriate venous infiltration 
detector circuit 31 or 33 or arterial infiltration detec- 

15 tor circuit 35, depending on the system's operating 
mode. 

More particularly, the mode switch 39 is a 
single-pole, double-throw switch having its middle 
terminal connected directly to ground and its two 

20 remaining terminals connected through separate 
resistors 43 to a positive voltage. The binary sig- 
nals present on these two terminals are therefore 
opposite in phase to each other. One such signal is 
defined to be an arterial enable signal and the 

25 other is defined to be a venous enable signal. 

The arterial enable signal is coupled on line 45 
directly to the arterial infiltration detector circuit 35, 
and the venous enable signal is coupled on line 47 
to the infusion rate detector 41. The infusion rate 

30 detector circuit relays the venous enable signal to 
either the low infusion rate venous infiltration detec- 
tor 31 or the high infusion rate venous infiltration 
detector 33, depending on the infusion rate being 
effected by the infusion pump 13. 

35 The infusion rate detector circuit 41 includes a 

frequency discriminator 49 for monitoring the motor 
step signal present on line 21 and producing an 
output signal having a voltage level generally pro- 
portional to the motor step signal's frequency. This 

40 output signai is coupled on line 51 to the positive 
input terminal of a comparator 53, which compares 
it with a selected reference level coupled on its 
negative input terminal. The reference level is sup- 
plied on line 55 from the wiper of a potentiometer 

45 57, whose remaining two terminals are connected 
between ground and a positive supply voltage. If 
the discriminator output signal exceeds the thresh- 
old, indicating that the infusion pump 13 is pump- 
ing at a relatively high rate (e.g., above about 40 ml 

so per hour), the comparator outputs a positive volt- 
age level. On the other hand, if the discriminator 
output signal does not exceed the threshold, in- 
dicating that the pump is pumping at a relatively 
low rate, the comparator outputs a low voltage level 

55 signal. 

The signal output by the comparator 53 is 
coupled on line 59 to a first AND gate 61 for 
ANDing with the venous enable signal supplied on 
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line 47 from the mode switch 39. This produces a 
high infusion rate venous enable signal for coupling 
on line 63 to the high infusion rate venous infiltra- 
tion detector 33. The detector 33 is thereby en- 
abled to detect infiltrations whenever a venous infu- 
sion is selected by the mode switch and the infu- 
sion rate exceeds the prescribed threshold. 

The signal output by the comparator 53 of the 
infusion rate detector 41 is also coupled on line 59 
to a NOT gate 65, for inversion and coupling in turn 
on line 67 to a second AND gate 69, where it is 
ANDed with the same venous enable signal 
present on line 47. The resulting low infusion rate 
venous enable signal is coupled on line 71 to the 
low infusion rate venous infiltration detector 31. 
This detector 31 is thereby enabled whenever a 
venous infusion is selected by the mode switch 39 
and the infusion rate does not exceed the pre- 
scribed threshold. 

Referring now to FIG. 2, there is shown a 
simplified schematic diagram of the low infusion 
rate venous infiltration detector 31. This circuit 
monitors the pressure signal supplied on line 27 
from the amplifier 25, to detect a characteristic 
pattern indicative of an occlusion or infiltration of 
fluid into the patient's body tissue separate from 
his venous system. When the circuit detects such a 
condition, it outputs an alarm signal for coupling on 
line 73 to the alarm 29. Basically, the circuit deter- 
mines that an occlusion or an infiltration has oc- 
curred whenever the pressure signal fails to return 
to its nominal value within a prescribed time dura- 
tion following each of the successive pumping 
pulses of the infusion pump 13. 

The low infusion rate venous infiltration detec- 
tor 31 includes a 0.1 Hz high-pass filter 75 for 
filtering the pressure signal supplied on line 27, to 
produce a filtered pressure signal for output on line 
77. The pressure signal, which is depicted in FIG. 
3(c), normally includes a series of positive pressure 
pulses, each with an exponentially-decaying tail, as 
a result of the successive motor steps of the infu- 
sion pump 13. 

A comparator 79 compares the filtered pres- 
sure signal with a selected positive voitage thresh- 
old supplied on line 81 from the wiper of a poten- 
tiometer 83. The other two terminals of the poten- 
tiometer are connected between ground and a 
positive potential. If the filtered pressure signal has 
a voltage level exceeding the threshold, the com- 
parator outputs a positive signal on line 85 as 
shown in FIG. 3(d). The threshold is preferably 
selected to be about 30 percent of the pulse's peak 
value. Typically, the threshold is about four to six 
cm H 2 0. 

The detector 31 further includes a monostable 
multivibrator or one-shot 87 and a flip-flop 89 for 
sampling the signal output by the comparator 79 



about 0.2 seconds after each pulse of. the motor 
step signal (FIG. 3(a)). In particular, the motor step 
signal is supplied on line 21 to the one-shot, which 
produces a corresponding sequence of pulses, 

5 (FIG. 3(b)), each having a dura tion of about 0.2 
seconds. This one shot signal is coupled on line 91 
to the clock input terminal of the flip-flop, which 
samples the pressure derivative signal at the trail- 
ing edge of each pulse. If the comparator output 

io signal is still a positive value at this time, the flip- 
flop outputs a positive signal as well. 

The signal output by the flip-flop 89 is coupled 
on line 93 to one input terminal of an AND gate 94, 
which ANDs the signal with the low infusion rate 

75 venous enable signal supplied on line 71. It will be 
recalled that this enable signal indicates that the 
parenteral administration system is intended to be 
administering fluid to the patient's venous system 
at a relatively low rate. If both inputs to the AND 

20 gate are a positive value, it is deduced that an 
infiltration is occurring and the AND gate outputs a 
trigger signal for coupling on line 95 to a latch 96, 
which, in turn, produces an alarm signal for cou- 
pling on line 73 to the alarm 29 (FIG. 1). 

25 During normal situations, when the needle 19 is 

properly inserted into the patient's vein, the pres- 
sure signal (FIG. 3(c)) returns to its nominal value 
relatively quickly after each pulse of the motor step 
• signal (FIG. 3(a)). As a result, the pressure signal 

30 does not exceed the threshold and the comparator 
output signal (FIG. 3(d)) is at a low level at the 
successive sample times. The detector circuit 31 
therefore does not produce an alarm signal. 

On the other hand, during abnormal situations, 

35 when the needle 19 is not in proper communication 
with the patient's venous system and an infiltration 
is occurring, the pressure signal (FIG. 3(e)) has a 
relatively long decay time. This apparently occurs 
because of an inability of the body tissue to dis- 

40 sipate rapidly each infusion of parenteral fluid. Be- 
cause of the long decay time, the comparator out- 
put signal (FIG. 3(f)) is still at a high level at the 
time it is sampled by the flip-flop 89. An alarm 
signal is therefore produced on line 73, 

45 Referring now to FIG. 4, there is shown a 

simplified schematic diagram of the high infusion 
rate venous infiltration detector 33 of FIG. 1. Ba- 
sically, this circuit monitors the pressure signal 
supplied on line 27 to determine if the pressure in 

so the fluid tube 17 ever increases by more than a 
selected amount during a predetermined time pe- 
riod. It makes this determination only after the 
instantaneous rate of change of pressure first ex- 
ceeds a prescribed level, e.g., 30 cm H 2 0 per 

55 second. A positive pressure slope less than this 
lower threshold can occur during normal situations. 
A positive pressure slope greater than about 250 
cm H2O per second can indicate a downstream 
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occlusion, but is treated by the detector circuit as 
though it were an infiltration. When the instanta- 
neous rate of change of the pressure signal first 
exceeds the 30 cm H 2 0 per second threshold, the 
detector circuit samples the pressure signal imme- 
diately and again approximately four seconds later. 
If the second sample exceeds the first by more 
than a prescribed amount e.g., 75 cm H2O it is 
deduced that an infiltration is occurring. An alarm 
signal is then output on line 97 for coupling to the 
alarm 29 (FIG. 1). 

The detector circuit 33 of FIG. 4 is suitable for 
use in detecting infiltrations when the parenteral 
administration system is administering fluids at 
rates above about 40 ml per hour. The low infusion 
rate venous infiltration detector 31 of FIG. 2 could 
also function properly at such infusion rates, but 
would ordinarily require the momentary disabling of 
the infusion pump 13 each time it seeks to detect 
an infiltration. This is because the successive 
pulses of the infusion pump would then be occur- 
ring less than 0.2 seconds apart, which is the 
nominal sample delay time required by the circuit 

The high infusion rate venous infiltration detec- 
tor 33 includes a differentiator 99 for producing a 
pressure derivative signal, along with a comparator 
103 for comparing the pressure derivative signal 
with a threshold corresponding to 30 cm H 2 0 per 
second. The pressure .signal is input to the dif- 
ferentiator on line 27, and the pressure derivative 
signal is output by the differentiator on line 105 for 
coupling to the comparator's positive input termi- 
nal. The comparator's negative input terminal is 
coupled on line 1 1 1 to the wiper of a potentiometer 
113. The remaining two terminals of the potentiom- 
eter are connected to ground and a positive supply 
voltage, so the voltage present at the wiper of the 
potentiometer represents a selected positive volt- 
age threshold. The comparator produces a 
positive-valued trigger signal whenever the pres- 
sure derivative signal exceeds the threshold. 

The detector circuit 33 of FIG. 4 further in- 
cludes first and second sample and hold circuits 
121 and 123 and a four second monostable mul- 
tivibrator or one-shot 125. The trigger signal pro- 
duced by the comparator 103 is coupled on line 
117 to both the first sample and hold circuit and 
the one-shot Whenever the trigger signal goes into 
a high state, indicating that the instantaneous pres- 
sure derivative signal has just exceeded the rate of 
change threshold, the first sample and hold circuit 
samples the pressure signal supplied on line 27 
and the one-shot simultaneously initiates a four 
second output pulse that is in a low state. The one- 
shot output signal is coupled on line 129 to the 
second sample and hold circuit, whereupon four 
seconds later it likewise samples the pressure sig- 
nal. 



The signal output by the first sample and hold 
circuit 121 is coupled on line 131 to a summer 133, 
for summing with a selected positive voltage level 
supplied on line 135 from a potentiometer 137. 

5 This voltage level represents the minimum amount 
by which the pressure signal must increase during 
a four second period for an infiltration to be de- 
tected. A comparator 139 compares the summer 
output signal with the signal output by the second 

70 sample and hold circuit 1 23. In particular, the sum- 
mer output signal is coupled on line 141 to the 
comparator's negative input terminal, and the sec- 
ond sample and hold circuit output signal is coup- 
led on line 143 to the comparator's positive input 

75 terminal. If the sample and hold signal exceeds the 
summer signal, it is deduced that the pressure in 
the fluid tube 17 has increased by more than the 
prescribed amount (75 cm H2O) during the 
preceeding four second period and that an infiltra- 

20 tion has therefore occurred. 

This signal output by the comparator 139 is 
coupled on line 145 to an AND gate 147, for 
ANDing with the high infusion rate venous enable 
signal supplied on line 63 from the infusion rate 

25 detector circuit 41 (FIG. 1). If both AND gate input 
signals are high, the AND gate produces a high 
signal for coupling on line 153 to the data input 
terminal of a flip-flop 155. A clock pulse signal for 
clocking the flip-flop occurs shortly after the end of 

30 the four second period, at which time the compara- 
tor and AND gate output signals have stabilized. 
This clock pulse signal, which is coupled to the 
flip-flop's clock terminal on line 149, is produced 
by a clock pulse one-shot 151 in response to the 

35 one-shot pulse supplied on line 129 from the four 
second one-shot 125. The flip-flop in turn produces 
the alarm signal for output on line 97. 

Referring now to FIG. 5, there is shown a 
simplified schematic diagram of one embodiment 

40 of the arterial infiltration detector 35 of FIG. 1. 
Basically, the circuit compares the mean pressure 
signal, which should correspond to the patient's 
mean arterial pressure, to a prescribed positive 
threshold, preferably about 60 cm of water, and 

45 outputs an alarm signal on line 157 whenever the 
signal drops below the threshold. 

More particularly, the arterial infiltration detec- 
tor 35 of FIG. 5 includes a 0.1 Hz low-pass filter 
159 and a comparator 161. The filter filters the 

50 pressure signal supplied on line 27 to produce a 
mean arterial pressure signal for coupling on line 
163 to the comparator's negative input terminal. 
The prescribed positive threshold is coupled to the 
comparator's positive input terminal on line 165 

55 from the wiper of a potentiometer 167. During 
normal operation, when the needle 19 is properly 
inserted in the patient's artery, the mean arterial 
pressure signal will exceed the threshold selected 
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by the potentiometer and the comparator will out- 
put a signal having a negative level. Conversely, 
when the needle is not properly inserted in the 
patient's artery and an infiltration is occurring, the 
mean arterial pressure signal will not exceed the 
threshold and the comparator will output a signai 
having a positive level. A bandwidth of about 0.1 
Hz is preferred for the low-pass filter, to substan- 
tially remove the effects of the patient's heartbeats. 

The signal output by the comparator 161 is 
coupled on line 169 to an AND gate 171, for 
ANDing with the arterial enable signal supplied on 
line 45. If both signals are at a positive level, then 
the AND gate likewise outputs a positive level 
signal. This AND gate output signai is coupled on 
line 173 to a latch 175, which produces the alarm 
signal for output on line 157. 

With reference now to FIG. 6, there is shown a 
simplified schematic diagram of an alternative em- 
bodiment of the arterial infiltration detector 35 of 
FIG. 1. In this embodiment, infiltrations into the 
patient's body tissue separate from his arterial sys- 
tem are detected by monitoring the pressure signal 
to detect dropouts in the pressure variations caus- 
ed by the patient's heartbeat. 

More particularly, the arterial infiltration detec- 
tor 35 of FIG. 6 includes a 0.1 Hz high-pass filter 
177, a level detector with hysteresis 179, a fre- 
quency discriminator 181- and a comparator 183. 
The high-pass filter filters the pressure signal sup- 
plied on line 27 to remove its dc level and pass 
only the successive pulses representative of the 
patient's heartbeats. The heartbeat pulses are 
present in the pressure signal whenever the fluid 
tube 17 and the needle 19 (FIG. 1) are coupled 
directly to the patient's arterial system. The high- 
pass filtered signal is coupled on line 185 to the 
level detector, which converts the signal to a cor- 
responding pulse sequence signal. The level detec- 
tor detects only pulses having a magnitude of at 
least about 1 5 cm H2O. The "pulse sequence pro- 
duced by the level detector is coupled on line 185 
to the frequency discriminator, which produces an 
output signal having a level proportional to the 
frequency of its input signal. 

Thus, if the needle 19 is properly inserted into 
the patient's arterial system, the heartbeats will be 
represented in the pressure signai and the fre- 
quency discriminator 181 will output a relatively 
high voltage level signal. On the other hand, if the 
needle is not properly inserted into the patient's 
arterial system, the heartbeats will not be repre- 
sented in the pressure signal and the frequency 
discriminator will output a relatively low level signal. 

The discriminator output signal is coupled on 
line 187 to the negative input terminal of the com- 
parator 183, which compares it with a selected 
positive reference level supplied to its positive in- 



put terminal on line 189 from a potentiometer 191. 
Thus, if the frequency discriminator output signal 
ever drops below the reference level, the compara- 
tor outputs a positive voltage level. The reference 

5 level preferably corresponds to a pulse frequency 
of about 15 beats per minute. 

The signal output by the comparator 183 is 
coupled on line 193 to an AND gate 195, where it 
is ANDed with the arterial enable signal supplied 

10 on line 45. If both signals are at a positive level, it 
is deduced that an arterial infiltration has occurred 
and the AND gate outputs a corresponding signal 
for coupling on line 197 to a latch 199. The latch, in 
turn, outputs the alarm signal for coupling on line 

15 157 to the alarm 29 (FIG. 1). 

A simplified schematic diagram of the open 
line detector circuit 37 is depicted in FIG. 7. This 
circuit monitors the pressure signal supplied on line 
27 to detect a fluid leakage, i.e., an open line or an 

20 air bubble in the fluid tube 17 between the infusion 
pump 1 3 and the patient 1 1 . If the circuit detects 
such a condition, it outputs an alarm signal for 
coupling on line 201 to the alarm 29. 

During normal operation, when the needle 19 is 

25 properly inserted into the patient's vein or artery, 
the pressure signal (FIG. 8(b)) reflects an overdam- 
ped or critically damped condition. The signal in- 
cludes a positive pressure pulse immediately fol- 
lowing each pulse of the motor step signal (FiG. 8- 

30 (a)), with each pulse having an exponentially-de- 
caying tail as the patient's vein or artery carries 
away the small volume of fluid being infused. Con- 
versely, when an open line condition is present, the 
pressure signal (FIG. 8(c)) reflects an underdam- 

35 ped condition. Each pulse of the motor step signal 
results in an initial increase in fluid pressure, fol- 
lowed immediately thereafter by a momentary de- 
crease in pressure to a level less than the level 
before the pulse occurred. 

40 Basically, the open line detector 37 detects the 

occurrence of an open line condition by detecting 
an underdamped characteristic in the pressure sig- 
nal, i.e., an overshoot or ringing in the pressure 
signal following each pulse of the motor step sig- 

45 nal. More particularly, the open line detector in- 
cludes a 3 Hz high-pass filter 203 and a positive 
peak detector and hold circuit 205. The high-pass 
filter filters the pressure signal supplied on line 27, 
to remove its dc level but pass the frequencies 

so associated with the successive steps of the infusion 
pump 13. The filtered signal is coupled on line 209 
to the peak detector and hold circuit, which outputs 
a level equal to the signal's positive peak. The 
peak detector circuit, which is reset by each pulse 

55 in the motor step signal supplied on line 21, can 
include for example, a series-connected diode fol- 
lowed by a capacitor to ground. 

The signal output by the positive peak detector 
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and hold circuit 205 is coupled on line 211 to an 
amplifier 213 for amplification by a prescribed frac- 
tional amount, e.g., negative two-thirds. This am- 
plified signal serves as a threshold to which the 
high-pass filtered pressure signal is compared in a 
comparator 215. If the filtered signal is ever more 
negative than the threshold, it is deduced that there 
is substantial ringing occurring in the pressure sig- 
nal and that an open line condition is therefore 
present 

More particularly, the signal output by the am- 
plifier 213 is coupled on line 217 to the compara- 
tor's positive input terminal and the high-pass fil- 
tered pressure signal is coupled on line 209 to the 
compara tor's negative input terminal. The resulting 
comparator output signal is coupled on line 219 to 
a latch 221, which produces the alarm signal for 
coupling on line 201 to the alarm 29. 

The alarm 29 is responsive to any of the four 
alarm signals coupled to it on lines 73, 97, 157 and 
201 from the fault detection circuitry 10. It includes 
a four-input OR gate that OR's together the four 
signals and actuates a visual or audible indicator 
whenever any of the signals is high, it further 
includes a switch for use in selectively clearing the 
latches or flip-flops at the output stage of each 
detector in the fault detection circuitry. 

It should be appreciated from the foregoing 
description that the present invention provides an 
improved apparatus and related method for detect- 
ing fault conditions such as an infiltration or an 
open line in a parenteral administration system. 
The apparatus is particularly adapted for use with a 
system of the type that includes a pulsing infusion 
pump for incrementally pumping a parenteral fluid 
through a fluid tube and needle to a patient's 
vascular system. The apparatus monitors the pres- 
sure in the fluid tube to detect characteristic pat- 
terns indicative of infiltrations of the fluid into the 
patient's body tissue separate from either his ve- 
nous system or arterial system, as well as an open 
line or air bubble in the fluid coupling between the 
infusion pump and the patient 

it should also be appreciated that the fault 
detection circuitry 10 and the infusion rate detector 
41 described above can be implemented in both 
hardware and software. 

Although the present invention has been de- 
scribed in detail with reference to the presently 
preferred embodiments, it should be understood by 
those of ordinary skill in the art that various alter- 
natives, modifications and equivalents can be con- 
structed without departing from the invention. Ac- 
cordingly, the invention is limited only by the fol- 
lowing claims. 

The features disclosed in the foregoing de- 
scription, in the following claims and/or in the ac- 



companying drawings may, both separately and in 
any combination thereof, be material for realising 
the invention in diverse forms thereof. 

5 

Claims 

1. Fault detection apparatus for use with a 
parenteral administration system having an infusion 

io device for infusing parenteral fluid through a fluid 
tube into the vascular system of a patient, compris- 
ing: pressure transducer means for monitoring the 
pressure of the fluid in the fluid tube and producing 
a corresponding pressure signal; and fault detec- 

75 tion means for qualitatively evaluating the pressure 
signal to detect when the fluid tube is not in proper 
fluid communication with the vascular system of 
the patient and for producing a corresponding 
alarm signal, wherein the fault detection means 

20 detects a disconnection of the fluid tube or an air 
bubble in the fluid tube between the infusion de- 
vice and the patient: the infusion device infuses the 
parenteral fluid to the vascular system of the pa- 
tient in a pulsing fashion; and the fault detection 

25 means includes means for high-pass filtering the 
pressure signal to produce an ac pressure signal, 
and means for comparing the ac pressure signal 
with a predetermined negative threshold, a dis- 
connection in the. fluid tube or an ajr bubble in the 

30 fluid tube being detected whenever the ac pressure 
signal is more negative than the threshold following 
each infusion pulse. 

2. Fault detection apparatus for use with a 
parenteral administration system having an infusion 

35 device for infusing parenteral fluid through a fluid 
tube into the vascular system of a patient compris- 
ing: pressure transducer means for monitoring the 
pressure of the fluid in the fluid tube and producing 
a corresponding pressure signal; and fault detec- 

40 tion means for qualitatively evaluating the pressure 
signal to detect when the fluid tube is not in proper 
fluid communication with the vascular system of 
the patient and for producing a corresponding 
alarm signal. 

45 3. Fault detection apparatus as defined in claim 

2, wherein the parenteral administration system is 
arranged to administer the parenteral fluid to the 
venous system of the patient; and the fault detec- 
tion means produces the alarm signal whenever it 

so detects an infiltration of the parenteral fluid into 
body tissue separate from the venous system. 
4. Fault detection apparatus as defined in claim 

3, wherein the infusion device infuses the paren- 
teral fluid to the venous system of the patient in a 

55 pulsing fashion; and the fault detection means de- 
tects an infiltration by determining if the pressure 
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signal does not return to its steady state level 
within a prescribed time duration following an infu- 
sion pulse. 

5. A parenteral administration system for infus- 
ing a parenteral fluid into the vascular system of a 
patient comprising: an infusion device; a fluid tube 
coupled between the infusion device and the vas- 
cular system of a patient, such that the device can 
infuse a parenteral fluid into the vascular system; 
pressure transducer means for monitoring the pres- 
sure of the fluid in the fluid tube and producing a 
corresponding pressure signal; and fault detection 
means for qualitatively evaluating the pressure sig- 
nal to detect when the fluid tube is not in proper 
communication with the patient's vascular system 
and for producing a corresponding alarm signal. 

6. A parenteral administration system as de- 
fined in claim 5, wherein: the fluid tube couples the 
infusion device to the patient's venous system; the 
fauit detection means detects an infiltration of par- 
enteral fluid into body tissue separate from the 
patient's venous system; and the fault detection 
means includes means for differentiating the pres- 
sure signal to produce a pressure derivative signal, 
comparator means for determining if the pressure 
derivative signal exceeds a predetermined level 
and for producing a corresponding trigger signal, 
and means for detecting if the pressure signal 
increases by more than a predetermined amount 
within a predetermined time period following initi- 
ation of the trigger signal and for producing the 
alarm signal whenever it does. 

7. A parenteral administration system as de- 
fined in claim 5, wherein the fluid tube couples the 
infusion device to the patient's arterial system; the 
fault detection means detects an infiltration of par- 
enteral fluid into body tissue separate from the 
patient's arterial system; and the fault detection 
means includes means for high-pass filtering the 
pressure signal to produce an ac pressure signal, 
and means for evaluating the ac pressure signal to 
detect a dropout in signal components attributable 
to the patient's heartbeats and for producing the 
alarm signal if it detects such a dropout. 

8. A parenteral administration system as de- 
fined in claim 5, wherein: the infusion device in- 
fuses the parenteral fluid in a pulsing fashion; and 
the fault detection means determines that the fluid 
tube is disconnected from the patient or that an air 
bubble is present in the fluid tube by detecting an 
underdamped characteristic in the pressure signal 
following each infusion pulse of the infusion device, 
the fault detection means producing the alarm sig- 
nal whenever it detects such an underdamped 
characteristic. 

9. A method for detecting fluid infiltrations suit- 
able for use in a parenteral administration system 
having a pulsing infusion device for incrementally 



infusing a parenteral fluid through a fluid tube to 
the venous system of a patient, comprising steps 
of: 

monitoring the pressure of the fluid in the fluid tube 
5 and producing a corresponding pressure signal; 
and 

qualitatively evaluating the pressure signal to de- 
tect if the signal fails to return substantially to its 
steady state level within a predetermined time pe- 

io riod following an infusion pulse, and producing an 
infiltration alarm signal whenever that occurs. 

10. A method for detecting fluid infiltrations for 
use in a parenteral administration system having an 
infusion device for infusing a parenteral fluid 

75 through a fluid tube to the venous system of a 
patient, comprising steps of: 
monitoring the pressure of the fluid in the fluid tube 
and producing a corresponding pressure signal; 
and 

20 qualitatively evaluating the pressure signal to de- 
tect if the pressure signal ever increases by more 
than a predetermined amount during a predeter- 
mined time period, and producing an infiltration 
alarm signal whenever that occurs. 

25 11. A method for detecting fluid infiltrations as 

defined in claim 10, wherein 

the step of qualitatively evaluating includes steps of 
differentiating the pressure signal to produce a 
pressure derivative signal, and 
30 comparing the pressure derivative signal with a 
prescribed threshold and producing a trigger signal 
whenever the pressure derivative signal first ex- 
ceeds the threshold; and 

the step of qualitatively evaluating produces the 
35 alarm signal only when the step of comparing 
produces the trigger signal. 

1 2. A method for detecting fluid infiltrations as 
defined in claim 11, wherein the step of qualita- 
tively evaluating further includes steps of: 
40 sampling the pressure signal immediately after the 
step of comparing produces the trigger signal, to 
produce a first sample; 

sampling the pressure signal a prescribed time 
period after the step of comparing produces the 

45 trigger signal, to produce a second sample; 

comparing the first sample with the second sample 
and producing the alarm signal whenever the sec- 
ond sample exceeds the first sample by more than 
a predetermined amount. 

50 13. A method for detecting fluid infiltrations for 

use in a parenteral administration system having an 
infusion device for infusing a parenteral fluid 
through a fluid tube to the arterial system of a 
patient, comprising steps of: 

55 monitoring the pressure of the fluid in the fluid tube 
and producing a corresponding pressure signal; 
and 

qualitatively evaluating the pressure signal to de- 
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tect if its mean value drops below a predetermined 
threshold, the producing an infiltration alarm signal 
whenever it does. 

14. A method for detecting fluid infiltrations as 
defined in claim 13, wherein the step of qualita- 5 
tively evaluating includes steps of: 
low-pass filtering the pressure signal to remove 
signal components attributable to the patient's 
heartbeats; and 

comparing the filtered pressure signal with a pre- 10 
scribed threshold, and producing the alarm signal 
whenever the filtered pressure signal drops below 
the threshold. 
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